Epidemiological data on the prevalence and timing of emergence of antiviral drug-resistant influenza viruses in Myanmar are limited. In our previous report, we showed that influenza virus activity in Myanmar exhibited seasonality, which peaked during the rainy season between June and September. 1 We also reported on the increasing prevalence and circulation pattern of amantadine-resistant A(H3N2) viruses in Myanmar, 1 which supports the finding that new H3N2 strains are seeded from Asia. 2 In this study, we characterized drug-resistant seasonal and pandemic influenza A(H1N1) viruses in Myanmar in 2008 and 2009. The study Nasopharyngeal swabs were collected from outpatients at Sanpya Hospital, Yangon, and Department of Medical Research, Nay Pyi Taw, who presented with at least one of the following influenza-like illness (ILI) symptoms, such as fever of >38°C, coughing, rhinorrhea, myalgia, arthralgia, or diarrhea. Informed consent and clinical information using standardized questionnaire were obtained from each patient. Samples were tested with rapid test kits (Quick Ex-Flu; Denka Seiken Co. Ltd., Tokyo, Japan). Aliquots were stored at )80°C and were sent to Niigata University, Japan, for further analysis. Virus isolation, RNA extraction, and cDNA synthesis were performed as previously described. 1 Screening for drug resistance markers, S31N for amantadine, and H275Y for oseltamivir, by cycling probe real-time PCR was performed as previously described. 3 Amantadine susceptibility was assessed using MDCK cell-based virus yield reduction assay, which measures 50% tissue culture infectious dose (TCID 50 ). Fluorescent-based NAI susceptibility assay was performed using oseltamivir carboxylate (F. Hoffman-La Roche Ltd., Basel, Switzerland) and zanamivir (GlaxoSmithKline Research and Development Ltd., Hertfordshire, UK), which measures 50% inhibitory concentration (IC 50 ). 4 Sequencing and phylogenetic analyses of HA, NA, and M genes were performed as previously described. (Figure 1 ). In 2009, influenza virus activity peaked in July, when seasonal influenza A (H1N1 and H3N2) viruses co-circulated ( Figure 1 ). This peak in influenza activity, which coincided during the rainy season, is consistent with our previous study. 1 Sporadic cases of A(H1N1)pdm09 infections occurred only from August to December 2009 (Figure 1 ), and it did not result in a community-wide circulation. All H3N2 isolates that were analyzed in 2008 and 2009 were resistant to amantadine (data not shown). NAI assay was performed only on seasonal A(H1N1) and A(H1N1)pdm09, but not on A(H3N2) and influenza B isolates.
Amantadine-resistant H1N1 viruses (Clade 2C)
Two clades (2B and 2C) of seasonal H1N1 viruses with different drug susceptibility profiles were detected in 2008. Of 66 H1N1 viruses, 65 isolates were amantadine resistant with S31N mutation in M2 (Table 1) . HA and NA phylogeny showed that these amantadine-resistant viruses belong to clade 2C ( Figure 2 ). Amantadine-resistant clade 2C viruses were first detected in the third week of August, and its activity peaked in September 2008 ( Figure 1 ). These viruses were closely related to the isolates from Hong Kong and China ( Figure 2 ). The prevalence of amantadine resistance (98%) in Myanmar increased from 0%, when compared with the isolates in 2005. 1 This trend of increasing incidence of amantadine resistance had been reported elsewhere. 5 Clade 2C viruses remain susceptible to oseltamivir and zanamivir (Table 2) .
Oseltamivir-resistant H1N1 viruses (Clade 2B)
In 2008 Myanmar is at least 2 months late than Singapore (May), Malaysia (June), Philippines (June), and Thailand (June). 5 However, in 2009, the antiviral susceptibility profile changed when clade 2C viruses were replaced by clade 2B (Figure 2 ). These clade 2C viruses have elevated oseltamivir IC 50 values (median IC 50 of 925AE71 ± 294AE83 nM, n = 17), which is 400-fold higher than sensitive strains (median IC 50 of 2AE27 ± 0AE84 nM, n = 13) ( Table 2 ). All seasonal H1N1 viruses collected in Myanmar remained sensitive to zanamivir.
Dual-resistant (oseltamivir and amantadine-resistant) H1N1 viruses
In October 2008, we detected three viruses with S31N and H275Y mutations that confer resistance to both amantadine and oseltamivir. NAI assay results showed that these viruses have elevated oseltamivir IC 50 values ( Table 2 ). The oseltamivir IC 50 values of dual-resistant viruses are equivalent to H275Y viruses without the S31N mutation. Phylogenetic analysis showed that the dual-resistant viruses were closely related to amantadine-resistant clade 2C strains (Figure 2 ). These dual-resistant viruses may have emerged due to drug selection, genetic reassortment, or spontaneous mutation. The patients in Myanmar did not receive any anti-influenza drugs; thus, drug selection pressure may not contribute to the emergence of drug-resistant strains. Phylogeny of HA, NA, and M (data not shown) suggested that genetic reassortment may be ruled out because all three segments analyzed belong to clade 2C. In addition, these clade 2C viruses were typically oseltamivir-sensitive and amantadine-resistant and were genetically related to A ⁄ Hong Kong ⁄ 2652 ⁄ 2006-like strains, which were circulating in Asia in the previous seasons. Thus, the H275Y mutation may have occurred by spontaneous mutation. 6 These dual-resistant viruses were detected earlier in Cambodia in October 2007 and Hong Kong in March 2008. 6 
Pandemic influenza A(H1N1) 2009 isolates
The influenza A(H1N1)pdm09 virus emerged in Mexico and the United States in April 2009. 7 A few weeks later, the virus spread worldwide, and it was declared a pandemic virus in June 2009. In Myanmar, we detected only 16 sporadic cases of A(H1N1)pdm09 from August to December 2009. The influenza A(H1N1)pdm09 strains co-circulated with seasonal H1N1 and H3N2 viruses. However, A(H1N1)pdm09 virus was not the predominant isolate, and the prevalence rate (3AE3%) is lower than Singapore (52AE9%), Thailand (21AE0%), and Taiwan (72AE8%). [8] [9] [10] The first A(H1N1)pdm09 virus (A ⁄ Myanmar ⁄ M280 ⁄ 2009) was collected on August 8, 2009 , which is delayed for at least 2 months when compared with the timing of appearance in Singapore, Thailand, and Taiwan. [8] [9] [10] Genotyping of the A(H1N1)pdm09 viruses showed S31N mutation (Table 1) . M2 gene sequencing confirmed the presence of S31N mutation, and no substitutions were identified at other amino acid positions that are associated with amantadine resistance. The results of the MDCK cellbased virus yield reduction assay also showed resistance to amantadine. The mean IC 50 values of A(H1N1)pdm09 strains to neuraminidase inhibitors are low (Table 2) , indicating susceptibility to oseltamivir and zanamivir. Phylogenetic analysis of the HA and NA genes of A(H1N1)pdm09 isolates revealed two clusters (Figure 3 
Conclusion
Our report demonstrated the dynamics of antiviral drug resistance of influenza A (H1N1) viruses and the detection 15 This study showed the link between the delayed emergence of influenza A (H1N1) viruses and the lack of movement of people into the country. of Medical Research, for their help in sample collection.
